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(57) Abstract 

A voice transmission system for a protective respirator, having a face mask (14) with an inhalation port (26) and a filter (16) attached 
to the inhalation port, is provided. The voice transmission system (12) comprises a microphone assembly adapted to be located between 
the inhalation port and the air filter, the microphone assembly including a spacer (18) for separating the filter from the inhalation port and a 
microphone (20) extending therefrom and into an interior space of the face mask, and a combined amplifier/loudspeaker assembly remotely 
connected to the microphone. The spacer of the microphone assembly provides an airtight seal between the filter and face mask. The spacer 
is provided with an outer surface configuration which matches the face mask on one side and the filter on another so that the microphone 
assembly may be attached intermediate the face mask and the filter without using any additional fasteners. 
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VOICE TRANSMISSION ADAPTOR ASSEMBLY 
Field of the Invention 

The present Invention relates generally to voice transmission 
systems for protective masks and more particularly to a voice 
transmission adaptor assembly which may be easily installed into a 
protective mask otherwise not equipped for voice amplification. 

5 Background of the Invention 

Protective face masks or respirators for the human face are well 
known. Persons wearing such respirators often have a need to 
communicate with one another, particularly in emergency situations. 
Respirators not equipped with voice amplification mechanisms are 
10 typically provided with a diaphragm through which the wearer both 
exhales and speaks* Sound transmitted through such diaphragms, 
however, is somewhat muffled, and thus various communications systems 
have been developed for respirators to improve sound transmission 
capabilities . 

15 For example, U.S. Patent No* 4,901,356 to Bauer employs separate 

microphone and amplifier assemblies to provide a voice transmission 
system which may be used with a protective respirator. U.S. Patent No. 
5,138,666 to Bauer et al. provides a system for a similar purpose which 
utilizes a combined microphone and amplifier assembly. In each of 

20 these systems, the microphone and the amplifier are located outside of 
the protective mask. 

Locating the microphone outside of the mask, however, is 
disadvantageous in that the microphone must pick up the wearer's voice 
after it hae passed through the diaphragm in its muffled state* In 

25 addition, the volume level of the voice prior to amplification is 
diminished, and must be raised by Increasing the gain of the amplifier, 
which Increases power consumption* Further, by placing both the 
microphone and the amplifier outside the mask, acoustic isolation of 
these items is difficult and thus acoustic feedback problems are 

30 encountered* 

By placing the microphone inside the mask and acoustically 
isolating it from the amplifier electronics, sound quality is improved, 
less feedback problems are experienced, and, because a decreased 
amplifier gain is required, power consumption is reduced* Because most 

35 respirator voice amplification devices are battery operated, power 
consumption is an important consideration* 

Its known to have microphones contained within the mask and 
amplifier electronics located outside the mask. For example, UK Patent 
Application 6B 2 165 721A discloses an Internal microphone and external 

40 amplifier electronics. However, in such an embodiment, the microphone 
must be separately attached to the inside of the mask. Moreover, even 
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with the microphone separated from the amplifier assembly by a couple 
inches, because the amplifier is attached to the mask and therefore 
remains in relatively close proximity to the amplifier /speaker, 
acoustic feedback problems are likely to persist. 
5 Accordingly, it is an object of the present invention to provide 

a voice transmission assembly which may be easily incorporated into an 
existing respirator and which provides clear sound and low power 
consumption, having an internal microphone which need not be separately 
mounted in the mask. It is a further object to provide such an 
10 adaptive system which permits the amplifier/ speaker assembly to be 
remotely mounted away from the mask and the microphone contained 
therein to eliminate acoustic feedback problems. 

Summary of the Invention 

A voice transmission system for a protective respirator is 
15 provided.. The respirator includes a face mask with an inhalation port 
and a filter attached to the inhalation port. The voice transmission 
system comprises microphone assembly adapted to be located on the mask 
between the inhalation port and the air filter, and a combined 
amplifier/ loudspeaker assembly connected to the microphone assembly. 
20 The microphone assembly includes a spacer for separating the filter 
from the inhalation port, through which a microphone extends into an 
interior space of the face mask. The combined amplifier/ loudspeaker 
assembly is remotely located from the microphone assembly, for example 
on the wearer's belt or shoulder, to minimise, acoustic feedback 
25 problems. 

A gasket is provided to insure an airtight seal between the mask 
and the filter at the location of the inhalation port. The spacer 
element is provided with an outer surface configuration which matches 
the face mask on one side and the filter on another so that the 

30 microphone assembly may be attached intermediate the face mask and the 
filter without using any additional fasteners. 

The spacer element may be attached to either side of the mask 
intermediate the mask and the filter. The spacer element of the voice 
transmission assembly is readily installed between the mask and one of 

35 the filters by (i) removing the filter, (ii) installing the spacer 
element onto the mask at the location of the inhalation port where the 
filter had been attached, and (iii) installing the filter onto the 
spacer element. 



Brief Description of the Drawings 

40 Figure 1 is a perspective view of a standard respirator into 

which is incorporated a voice transmission assembly constructed 
according to the principles of the present invention; 
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Figure 2 is an. partial exploded perspective view of the 
respirator of Figure 1; 

Figure 3 is a cross Bectional view of the voice transmission 
assembly of Figure 1; 
5 Figure 4 is an end view of the voice transmission assembly of 

Figure 1, showing a side of the assembly which faces the mask of the 
standard respirator; and 

Figure 5 is an end view of the voice transmission assembly of 
Figure 1, showing a side of the assembly which faces the filter of the 
10 standard respirator. 

Detailed Description of the Preferred Embodiment 

Figure 1 shows a standard respirator 10 into which is 
incorporated a voice transmission assembly 12 constructed according to 
the principles of the present invention. The standard respirator 10 

15 comprises a mask 14 and a pair of side filter assemblies 16* The voice 
transmission assembly 12 is attached to the respirator 10 intermediate 
the mask 14 and one of the filter assemblies 16. The voice 
transmission assembly 12 comprises a spacer element 18 through which a 
microphone 20 (see Figure 2) is passed through to the Interior of the 

20 mask, and a combination amplifier/loudspeaker assembly 22 located 
remote from the mask. 

The manner in which the voice transmission assembly 12 is 
incorporated into the respirator 10 is better illustrated in the 
exploded view of Figure 2. The respirator 10 is one which is 

25 commercially available, such as one of the 6000 Series by 3M 
Occupational Health and Environmental Safety Division, St. Paul, 
Minnesota. Although the respirator shown in Figures 1 and 2 is a half- 
face respirator which provides no protection for the eyes of the 
wearer, the invention may be incorporated into full-face respirator 

30 just as readily as explained below. 

The respirator mask 14 is provided with straps 24 which encircle 
the back of the head of the wearer to hold the mask snugly against the . 
wearer's face. The wearer breathes outside air which is filtered by 
the filter assemblies 16 through inhalation ports 26, and exhales 

35 through an exhalation port 28. The inhalation port is provided with an 
inhale diaphragm 30 and the exhalation port is provided with an exhale 
diaphragm 32. The diaphragms are made of a flexible material such as 
an elastomer or a flexible plastic. The inhale diaphragm 30 surrounds 
the inhalation port 26 and is pulled inward when the wearer breathes in 

40 ( See Figure 3 ) • The exhale diaphragm 32 surrounds the exhalation port 
28 and is pushed outward when the wearer exhales (See Figure 2). 

As shown in Figure 3, the voice transmission assembly 12 may be 
attached to either side of the mask 14 Intermediate the mask and the 
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filter 16. Typically, the filter 16 is easily removable from the mask 
14 to facilitate replacement of filters. A gasket 34 is provided to 
insure an airtight seal between the mask and the filter at the location 
of the inhalation port 26. The inhalation port 26 is provided with an 
5 opening 36 surrounded by a shoulder 38, from which extend overhanging 
tabs 40. A recessed portion 42 having a circular ridge 44 thereon 
surrounds the shoulder 38. The rubber gasket 34 fits over the recessed 
portion 42 and surrounds the opening 36. 

The filter 16 is provided with a corresponding opening 46 having 

10 on its perimeter notches 48 corresponding to the tabs 40 on the mask 
14. Surrounding the opening 46 is a boss 50 having a circular ridge 52 
thereon. The filter 16 is attached to the mask by fitting tabs 40 into 
the notches 48 and rotating the filter clockwise to lock the filter 
into place. The tabs (and corresponding notches) may be irregularly 

15 spaced so as to insure exact positioning of the filter with respect to 
the mask. An airtight seal is provided by the gaBket 34 which mates 
with the recessed portion 42 and circular ridge 44 of the mask on one 
side, and the boss 50 and circular ridge 52 of the filter on the other. 

The spacer element 18 of the voice transmission assembly 12 is 

20 readily installed between the mask and one of the filters 16 by (i) 
removing the filter, (ii> Installing the spacer element 18 onto the 
mask at the location of the inhalation port 26 where the filter had 
been attached, and (ill) installing^ the filter 16 onto the Bpacer 
element. The spacer element 18 is better Illustrated in Figures 4 and 

25 5. One side of the spacer element (Figure 4) is adapted to face the 
mask and is provided with a geometric surface configuration identical 
to that of the filter 16. A boss 54 is adapted to mate with the gasket 
34 on the mask, and is provided with a circular ridge 56 to insure an 
airtight seal. An opening 58 and notches 60 facilitate installation of 

30 the spacer element 18 on the mask in the same manner as the filter is 
installed thereon. The boss 54, the circular ridge 56, the opening 58 
and the notches 60 on the spacer element 18 have the identical 
geometric configuration as the boss 50, the circular ridge 52, the 
opening 46 and the notches 48 on the filter element. 

35 Figure 5 shows the side of the spacer element 18 which is 

adapted to face the filter 16. This side of the spacer element is 
provided with a geometric surface configuration Identical to that of 
the inhalation port 26 of the face mask 14. Similar to the inhalation 
port 26, the spacer element is provided with an opening 62 surrounded 

40 by a shoulder 64, from which extend overhanging tabs 68. A recessed 
portion 70 having a circular ridge 72 thereon surrounds the shoulder 
64. A rubber gasket 74 fits over the recessed portion 70 and surrounds 
the opening 62. The boss 50 and circular ridge 52 on the filter are 
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adapted to mate with the gasket 74 on the spacer element when Installed 
thereon to provide an airtight seal between the spacer element and the 
filter. The shoulder 64 and tabs 68 on the spacer element facilitate 
installation of the filter 16 onto the spacer element 18 in the same 
5 manner as the filter is installed on the mask. The opening 62, the 
shoulder 64, the tabs 68, the recessed portion 70, and the circular 
ridge 72 on the spacer element correspond geometrically to the opening 
36, the shoulder 38, the tabs 40, the recessed portion 42, and the 
circular ridge 44 on the inhalation port 26 of the mask. 
10 As shown in Figure 3, the spacer element 18 is also provided 

with an additional inhale diaphragm 76. The inhale diaphragm 76 is 
supported in place by support members 78 (see Figure 5) extending 
inwardly from the shoulder 64 of the spacer element 18. A post 80 (see 
Figure 4) located at the intersection of the support members 76 holds 
15 the diaphragm 74 in place. 

The spacer element, which generally takes the form of a disk, is 
preferably formed in two pieces, one having an outer surface as shown 
in Figure 4, the other having an outer surface as shown in Figure 5. 
The two pieces may be formed from a thermoplastic material by known 
20 methods, for example, injection molding. The opposite surfaces of the 
two pieces may be joined by an appropriate adhesive or by a sonic 
welding process. 

The microphone 20 is of a type commercially available, such as 
Model No. EM 123 form Primp Microphones, Inc., McKinney, Texas. 
25 Microphone wire leads 82, surrounded by a sheath 84, pass through the 
junction of the two spacer element pieces. Strain relief 86 is 
provided at the wire lead/spacer element interface. In the completed 
assembly of the respirator 10 having the spacer element 18 installed 
therein, the microphone leads are fed past the diaphragm 30 in the 
30 Inhalation port 26 of the mask, thereby necessitating the additional 
Inhale diaphragm 76 in the spacer element 18. 

The wire leads 82 are connected to the combination 
amplifier/loudspeaker assembly 22 located remote from the mask. The 
amplifier/loudspeaker assembly 22 may alternatively take the form of a 
35 separate amplifier and a separate loudspeaker. These elements, either 
separate or combined, are known in the art and may take the form, for 
example of those shown and described in U.S. Patent No. 5,138,666 or UK 
Patent Application GB 2 165 721A. In the preferred embodiment the 
combination amplifier/ loudspeaker assembly 22 is provided with a clip 
40 88 for attaching the amplifier/loudspeaker assembly to a portion of the 
wearer's clothing. For example the amplifier/ loudspeaker assembly may 
be belt or shoulder mounted. The remote location of the 
amplifier/loudspeaker assembly with respect to the microphone 20 
minimizes acoustic feedback problems. 
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Accordingly, the preferred embodiment of a voice transmission 
system for a protective respirator has been described. With the 
foregoing description in mind, however , it is understood that thiB 
description is made only by way of example, that the invention is not 
5 limited to the particular embodiments described herein, and that 
various rearrangements, modifications and substitutions may be 
implemented without departing from the true spirit of the invention as 
hereinafter claimed. 
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What is claimed is: 

1. A protective respirator, comprising: 

a face mask having an inhalation port through which a 
wearer of the maBk inhales ambient air; 

an air filter for filtering the inhaled ambient air and 
5 providing filtered air to said inhalation port; 

a microphone assembly located between said inhalation port 
and said air filter, said microphone assembly including a spacer for 
separating said filter from said inhalation port and a microphone 
extending therefrom and into an interior space of said face mask; 
10 an amplifier connected to said microphone for receiving 

and amplifying sound transmitted by said microphone and outputting an 
amplified signal; and 

a loudspeaker connected to said amplifier for receiving 
and radiating said amplified signal. 



2» The protective respirator of claim 1, wherein said 
amplifier and said loudspeaker form a combined amplifier/loudspeaker 
assembly. 



3. The protective respirator of claim 1, wherein said 
combined amplifier/loudspeaker assembly is located remote from said 
face mask. 



4. The protective respirator of claim 3, wherein said 
combined amplifier/ loudspeaker assembly is provided with a clip for 
attaching said amplifier/ loudspeaker assembly to a portion of the 
wearer's clothing* 



5. The protective respirator of claim 3, wherein said spacer 
of said microphone assembly provides an airtight seal between said 
filter and said face mask. 



6* The protective respirator of claim 5, wherein said spacer 
has (i) a first outer surface facing an outer surface of said face 
mask, and <ii) a second outer surface facing an outer surface of said 
filter, and wherein said first outer surface and face mask outer 
5 surface, and said second outer surface and said filter outer surface, 
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respectively, are provided with complementary geometrical 
configurations, so that the microphone assembly may be attached 
intermediate said face mask and said filter without using any 
additional fasteners. 



7. The protective respirator of claim 5 r wherein said spacer 
is provided with an inhale diaphragm. 



8. The protective respirator of claim 7 r wherein said spacer 
is constructed of a thermoplastic material. 



9. The protective respirator of claim 8 f wherein said spacer 
is comprised of two half members sonically welded together. 

10. The protective respirator of claim 8, further comprising 
a wire for connecting said microphone to said combined 
amplifier/loudspeaker assembly, and wherein said wire includes strain 
relief means. 



11. A voice transmission system for a protective respirator 
comprising (i) a face mask having an Inhalation port through which a 
wearer of the mask inhales ambient air; and (ii) an air filter for 
filtering the inhaled ambient air and providing filtered air to said 
5 inhalation port, said voice transmission system comprising x 

a microphone assembly adapted to be located between said 
inhalation port and said air filter, said microphone assembly including 
a spacer for separating said filter from said inhalation port and a 
microphone extending therefrom and into an interior space of said face 
10 mask; 

an amplifier connected to said microphone for receiving 
and amplifying sound transmitted by said microphone and outputting an 
amplified signal; and 

a loudspeaker connected to said amplifier for receiving 
15 and radiating said amplified signal. 



12. The voice transmission system of claim 11, wherein said 
amplifier and said loudspeaker form a combined amplifier/ loudspeaker 
assembly. 
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13. The voice transmission By-stem of claim 11, wherein said 
combined amplifier/ loudspeaker assembly is located remote from said 
face mask. 



14. The voice transmission system of claim 13 , wherein said 
combined amplifier/ loudspeaker assembly is provided with a clip for 
attaching said amplifier/ loudspeaker assembly to a portion of the 
wearer's clothing. 

15. The voice transmission system of claim 13, wherein said 
spacer of said microphone assembly provides an airtight Beal between 
said filter and said face mask. 



16. The voice transmission system of claim 15, wherein said 
spacer has (i) a first outer surface facing an outer surface of the 
face mask, and (ii) a second outer surface facing an outer surface of 
the filter, and wherein said first outer surface and face mask outer 
5 surface, and said second outer surface and said filter outer surface, 
respectively, are provided with complementary geometrical 
configurations, so that the microphone assembly may be attached 
intermediate the face mask and the filter without using any additional 
fasteners. 



17. The voice transmission system of claim 15, wherein said 
spacer is provided with an inhale diaphragm. 



18. The voice transmission system of claim 17, wherein said 
spacer is constructed of a thermoplastic material. 

19. The voice transmission system of claim 18, wherein said 
spacer is comprised of two half members sonically welded together. 

20. The voice transmission system of claim 18, further 
comprising a wire for connecting said microphone to said combined 
amplifier/loudspeaker assembly, and wherein said wire includes strain 
relief means. 
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AMENDED CLAIMS 

[received by the International Bureau on 28 March 1995 (28 03 
original claims 1,3,7,10,11,13,17,20 amended; 
remaining claims unchanged (3 pages)] 



1. A protective respirator, comprising: 

a face mask having an inhalation port through which a wearer of 
the mask inhales ambient air; 

an air filter for filtering the inhaled ambient air and 
5 providing filtered air to said inhalation port; 

a microphone assembly which is removably detachable from a 
location between said inhalation port and said air filter, said 
microphone assembly including a spacer for separating said filter from 
said inhalation port, said spacer having a body with a passage 
10 extending the entire length thereof through which filtered air may pass 
from said filter to said inhalation port, said spacer further having a 
microphone extending therefrom; 

an amplifier connected to said microphone for receiving and 
amplifying sound transmitted by said microphone and outputting an 
15 amplified signal; and 

a loudspeaker connected to said amplifier for receiving and 
radiating said amplified signal. 

2. The protective respirator of claim 1, wherein said 
amplifier and said loudspeaker form a combined amplifier/ loudspeaker 
assembly. 

3. The protective respirator of claim 2, wherein said combined 
amplifier/loudspeaker assembly is located remote from said face mask. 

4. The protective respirator of claim 3, wherein said 
combined amplifier/loudspeaker assembly is provided with a clip for 
attaching said amplifier/ loudspeaker assembly to a portion of the 
wearer ' s clothing . 

5. The protective respirator of claim 3, wherein said spacer 
of said microphone assembly provides an airtight seal between said 
filter and said face mask. 

6. The protective respirator of claim 5, wherein said spacer 
has (i) a first outer surface facing an outer surface of said face 
mask, and (ii) a second outer surface facing an outer surface of said 
filter, and wherein said first outer surface and face mask outer 

5 surface, and said second outer surface and said filter outer surface, 
respectively, are provided with complementary geometrical 
configurations, so that the microphone assembly may be attached 
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intermediate said face mask and said filter without using any 
additional fasteners. 

7. The protective respirator of claim 1, wherein said spacer is 
provided with an inhale diaphragm, and opposite outer surfaces which 
loclcingly engage, respectively, with said inhalation port and said air 
filter. 

8.. The protective respirator of claim 7, wherein said spacer 
is constructed of a thermoplastic material. 

9. The protective respirator of claim 8, wherein said spacer 
as comprised of two half members sonically welded together. 

10. The protective respirator of claim 2. further comprising a 
wxre for connecting said microphone to said combined 
amplifier/loudspeaker assembly, and wherein said wire includes strain 
relief means. 

11. A voice transmission system for a protective respirator 
comprising (i) a face mask having an inhalation port through which a 
wearer of the mask inhales ambient air; and (ii) an air filter for 
filtering the inhaled ambient air and providing filtered air to said 
inhalation port, said voice transmission system comprising: 

a microphone assembly which is removably detachable from a 
location between said inhalation port and said air filter, said 
microphone assembly including a spacer for separating said filter from 
said inhalation port, said spacer having a body with a passage 
extending the entire length thereof through which filtered air may pass 
from said filter to said inhalation port, said spacer further having a 
microphone extending therefrom; 

an amplifier connected to said microphone for receiving and 
amplifying sound transmitted by said microphone and outputting an 
15 amplified signal; and 

a loudspeaker connected to said amplifier for receiving and 
radiating said amplified signal. 

12. The voice transmission system of claim li, wherein said 
amplifier and said loudspeaker form a combined amplifier/loudspeaker 
assembly. 

13. The voice transmission system of claim 12, wherein said 
combined amplifier/loudspeaker assembly is located remote from said 
face mask. 



10 
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14. The voice transmission system of claim 13. wherein said 
combined amplifier/loudspeaker assembly is provided with a clip for 
attaching said amplifier/loudspeaker assembly to a portion of the 
wearer's clothing. 

15. The voice transmission system of claim 13. wherein said 
spacer of said microphone assembly provides an airtight seal between 
saxd filter and said face mask. 

16. The voice transmission system of claim 15, wherein said 
spacer has (i) a first outer surface facing an outer surface of the 
face mask, and (ii, a second outer surface facing an outer surface of 
the filter, and wherein said first outer surface and face mask outer 
surface, and said second outer surface and said filter outer surface 
respectively, are provided with complementary geometrical 
configurations, so that the microphone assembly may be attached 
intermediate the face mask and the filter without using any additional 
fasteners. 

17. The voice transmission system of claim is, wherein said 
spacer is provided with an inhale diaphragm, and opposite outer 
surfaces which lockingly engage, respectively, with said inhalation 
port and said air filter. 

IB. The voice transmission system of claim 17, wherein said 
spacer is constructed of a thermoplastic material. 

19. The voice transmission system of claim 18, wherein said 
spacer is comprised of two half members sonically welded together. 

20. The voice transmission system of claim 11, further 
comprising a wire for connecting said microphone to said combined 
amplifier/loudspeaker assembly, and wherein said wire includes strain 
relief means. 
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